Site-directed mutagenesis and saturation mutagenesis for the functional study of transcription factors involved in plant secondary metabolite biosynthesis.
Regulation of gene expression is largely coordinated by a complex network of interactions between transcription factors (TFs), co-factors, and their cognate cis-regulatory elements in the genome. TFs are multidomain proteins that arise evolutionarily through protein domain shuffling. The modular nature of TFs has led to the idea that specific modules of TFs can be re-designed to regulate desired gene(s) through protein engineering. Utilization of designer TFs for the control of metabolic pathways has emerged as an effective approach for metabolic engineering. We are interested in engineering the basic helix-loop-helix (bHLH, Myc-type) transcription factors. Using site-directed and saturation mutagenesis, in combination with efficient and high-throughput screening systems, we have identified and characterized several amino acid residues critical for higher transactivation activity of a Myc-like bHLH transcription factor involved in anthocyanin biosynthetic pathway in plants. Site-directed and saturation mutagenesis should be generally applicable to engineering of all TFs.